A prerequisite for sustainable saline agriculture of cash crop halophytes in salt affected areas implies exact knowledge of their limits of salinity resistance. Hence, the first part of this study was carried out in pot experiment under greenhouse conditions to evaluate growth and seed yield of C. quinoa Willd. cv. Hualhuas to varying water salinity levels (0, 100, 200, 300, 400 and 500 mM NaCl). The limit of salinity resistance was estimated at 200 mM NaCl (~20 dSm -1 ) based on seed yield production. Depending on the results obtained from pot experiment, field trials were conducted in saline soil location (ECe 17.9 dSm -1 ) and in non-saline soil location (ECe 1.9 dSm -1 ). Seed yield significantly decreased under saline soil by about 61.7% . Beside quantity, soil salinity led to reduce the percentage of moisture, total carbohydrate and total fat contents in seeds. Salinity did not significantly alter the protein content in quinoa seeds. Significant increases in the content of ash and fiber were detected in response to high soil salinity. The high er ash content in seeds under saline conditions was due to the increase of Na + as well as K + , P 3-and Fe ++ concentrations. By contrast, soil salinity led to significant decrease of Ca ++ and Zn ++ contents in seed. Energy dispersive X-ray microanalysis showed that most of Na + in the seeds produced at saline soil was mainly accumulated in the pericarp followed by embryo tissues, while, the interior reserving tissue (perisperm) exhibiting comparatively low concentration. Increasing most of essential minerals, especially Fe, in quino a seeds produced under high saline conditions given quinoa a distinctive value for human consumption. Quinoa can be grown and yielded successfully in salt-affected soils (ECe 17.9 dSm -1 ), where, most if not all of traditional crops cannot grow, although the yield was reduced however, the seed quality was not highly affected.
Introduction
Despite the success of the green revolution, poverty and hunger remain major challenges in many areas of the world, particularly in developing countries where human populations are still rising. Continuous global expansion of population means that global demand for food, feed and fuel will increase and that leads to more intensive in use of land and water resources and thus accelerated land degradation and destruction of the environment (Godfray et al., 2010; Gonzalez et al., 2015) . This situation might be more severe in developing countries. For example, the food balance in Egypt shows a drastic shortage and is far away from selfsufficiency. Increasing food production to meet the nutritional demand of vast growing population is a real challenge. This goal can only be realized by bringing new land under cultivation. Uncultivated land in Egypt desert occupied 96% of the total area and characterized with high evaporation (1500-2400 mm/year) and very low rainfall (5-200 mm/year). Parts of this desert are millions of hectares of coastal sites and salinized farmlands. Under such conditions, conventional crops misplace their advantages to reduce the gap between food production and consumption. In order to counteract the detrimental effects of salinity on conventional crops, intensive research has been conducted, worldwide, to increase salt tolerance using genetic manipulation (Flowers, 2004) , but the outcomes remain not significant so far (Läuchli and Grattan, 2007) . An alternative approach is studied to utilize the natural salt-tolerance halophytes for sustainable crop production, particularly for economic interests (food, fodder and fuel) or ecological reasons (soil desalinization, phytoremidation, dune fixation, CO 2-sequestration) (Ashour et al., 1997; Leith and Mochtschenko, 2002; Reddy et al., 2008; Eid and Eisa, 2010; Koyro et al., 2011; Ladeiro, 2012; Hussin et al., 2013) .
Chenopodium quinoa Willd. is a facultative halophyte belongs to family Amaranthaceae. This Andean grain is an important crop of the Andean region in South America from Colombia (2°N) to central Chile (40°S) (Risi and Galwey, 1984; Jacobsen et al., 2003) . Quinoa has recently gained worldwide attention because of its ability to be reproductive under various stress conditions (Choukr-Allah et al., 2016) . Quinoa as a halophytic species has the ability to cope with salinity levels as high as those present in sea water Hariadi et al., 2011; Shabala et al., 2013; Panuccio et al., 2014) . It is highly resistant to drought (Gonzalez et al., 2009a; Jacobsen et al., 2009; Gonzalez et al., 2011) . Also, quinoa is well adapted to freezing temperature, wind and UV since it could be grown at an elevation of 3500-3900 m above the sea level Gonzalez et al., 2009b) . Moreover, quinoa is frequently cultivated in Andean region where soil fertility is poor (Vilche et al., 2003) . An additional reason for raising the attention of quinoa cultivation worldwide is its extraordinary nutritional value, as its grains have an excellent balance of carbohydrates, lipids and protein for human nutrition. In addition, the grains provide a rich source of a wide range of minerals (Ca, P, Mg, Fe and Zn), vitamins (B1, B2, C and E), and natural antioxidants (Abugoch et al., 2009; . Quinoa grains contain a protein of outstanding quality, better balanced in terms of amino acids composition than that of most cereals (Tapia, 2000) . Furthermore, the proportions of all essential amino acid exceed those recommended by FAO and WHO in all age-group categories (Risi and Galwey, 1984; Wright et al., 2002; Repo-Carrasco et al., 2003) . The food and Agricultural Organization (FAO) reported that quinoa is closer to the ideal protein balance than any grains being at least equal to milk in protein quality (Pappier et al., 2008) .
Therefore, quinoa as a facultative halophyte with exceptional nutritional quality could be a promising candidate of cash crop halophytes to increase the economic value of poor saline areas in arid and semi-arid regions of southern coast of the Mediterranean Sea. However, the limit of salinity tolerance of quinoa is varied between ecotypes and cultivars (Adolf et al., 2012; Bonales-Alatorre et al., 2013) . In general, varieties originating from salt affected area are more adapted to saline condition than those from non-saline area . For example, due to the widespread of salinization in Peru 250,000 ha out of 800,000 ha irrigated in the coastal region are saline, the Peru-native quinoa is thought to be more tolerant to salt stress (Jacobsen et al., 2001; Jacobsen et al., 2003; Gomez-Pando et al., 2010) . Therefore, the present work was undertaken to evaluate the Peruvian cultivar Hualhuas under Egyptian conditions for potential seed yield and its quality as chemical compositions at coastal saline area (ECe 17.9 dsm -1 ) compared with nonsaline soil (ECe 1.9 ds.m -1 ).
Results
Estimating the limit of salinity resistance in quinoa cv.
Hualhuas under sand culture
Comparative growth response of quinoa plants and its different organs to various salinity levels (0, 100, 200, 300, 400 and 500 mM NaCl) after 6 weeks of treatment is illustrated in Figure (1 A & B) . Salinity negatively affected the growth and development of all plant organs and the variations between treatments were evident four weeks after exposure to salinity stress. Plant growth and biomass accumulation (expressed as fresh weight) were gradually and significantly (P ≤ 0.05) reduced as NaCl salinity increased, the effect which was more pronounced at 500 mM NaCl. Low water salinity (100 mM NaCl) resulted into significant (P ≤ 0.05) reduction of about 35.8% in the total plant fresh weight relative to the control (Fig. 1 B) . The overall plant growth and biomass accumulation was notably reduced to roughly 50% at water salinity of about 300 mM NaCl (Fig. 1  B) . Plants exposed to the highest water salinity level were clearly withered with shallow and very tiny root system, fewer numbers of branches and leaves and produced smaller and more compacted inflorescences. Their leaves were smaller, thicker, exhibiting a light green color, with visible symptoms of Na + and Cl -toxicity and/or nutrient disorders. However, salt-stressed plants were able to survive and could complete their life cycle even at the full strength water salinity (500 mM NaCl). The highest water salinity (500 mM NaCl) resulted into considerable and significant (P ≤ 0.05) reductions of about 79.2, 71.5, 78.9 and 85.3% in the total plant biomass, fresh weight of root, shoot and inflorescence, respectively, relative to the corresponding control (Fig.1 B) .
Field trials
On average, the grain yield of C. quinoa plants reached 1151+52.7 kg ha -1 , while the weight of 1000 grains was 2.33+0.15 under non-saline conditions ( Table 3 ). The same trend of salt-induced reductions in yield attributes was also observed. Soil salinity markedly and significantly (P ≤ 0.05) lowered the grain yield and weight of 1000 grains by 62 and 26%, respectively, relative to non-saline soils.
Beside quantity, soil salinity adversely influenced the grain quality. It led to reduce the percentage of moisture content, total carbohydrate and total fat contents by 12.2, 4.8 and 17.3%, respectively, relative to the corresponding control. However, soil salinity did not significantly alter the protein content of quinoa grains, being about 13% (Table 3 ). Significant (P ≤ 0.05) increases of about 110.8 and 15.7% in the content of the ash and fiber, respectively, were observed in response to high soil salinity. As for mineral contents of the grains, high soil salinity led to about 4-folds increase in Na content compared to non-saline soils. This was accompanied by significant increases of about 30.5, 15.1 and 48.7% for P, K and Fe, respectively, relative to non-saline soil. By contrast, soil salinity induced obvious decreases of about 57.1 and 25.1% in the contents of Ca and Zn, respectively, compared to non-saline soils. Mn and Cu contents were not significantly changed in response to the soil salinity (Table 3) .
Energy Dispersive X-ray microanalysis
Distribution pattern of some essential elements (P, K, Mg and Na) in various tissues of quinoa seed produced from both location saline (ECe 17.9 dSm -1 ) and non-saline (ECe 1.9 dSm -1 ) soils was examined using Energy Dispersive X-ray microanalysis (Fig. 3) . EDX-analysis clearly pointed out that P, K and Mg were mainly located in embryo tissues (i.e. cotyledons and hypocotyl-radical axis), meanwhile their contents were very low in perisperm tissue. Examination by Scanning Electron Microscope showed an intensely accumulation of protein bodies in cotyledons (Fig. 4 A) , and in hypocotyl-radical axis (Fig. 4 B) . It is well known that P, K and Mg are component of the phytin globoid within protein bodies. Perisperm considered as a main storage tissue in quinoa seeds, it occupies the most of internal space of seed. Perisperm cells are full of starch grains which are angular in shape (Fig. 4 C & D) . Sodium was scarcely detected in various tissues of whole quinoa seeds produced under nonsaline soil conditions as shown in Figure 3 . Soil salinity induced strongly changes on the distribution pattern of Na content in whole quinoa seeds. It led to increase Na contents within the different tissues, the highest accumulation of Na was observed in cover seed layers (pericarp and seed coat) followed by embryo tissues, but with comparatively low concentration in perisperm. Conspicuous higher amounts of K, Mg and P were observed in the tissues of embryo (cotyledon and hypocotyl-radical axis) of the seeds produced under saline soils (Fig. 3) . Growth and development of quinoa plant cv. Hualhuas (A) and responses of different plant organs (B) to different NaCl salinity levels after 6 weeks of salinity treatments, expressed as plant fresh weight (FW).The initial significant reduction in plant fresh weight indicates the threshold salinity level (red arrow). The dotted red line marks the C 50 values. The crossover of the dotted and solid red lines reflects the salt concentration where the growth depression falls down to 50% of the control plant (the limits of salinity resistance, blue arrow). R, root; S, stem; AL, adult leaves; JL, juvenile leaves; In, inflorescence. Each column represents the mean of six replicates, the bars represent standard errors and bars with the same letter are not significantly different at P ≤ 0.05. Table 2 . Some chemical proprieties of irrigation water collected from non-saline and saline locations.
Fig 2.
Seed yield responses to different NaCl salinity levels after 9 weeks of salinity treatments. The dotted line marks the C 50 value, while arrow shows the limited of salinity resistance. Each column represents the mean of six replicates, the bars represent s tandard errors and bars with the same letter are not significantly different at P ≤ 0.05. EDX-line scanning technique (C) displaying the distribution pattern of Na, Mg, P, and K in different seed tissues produced from nonsaline (D) and saline soil (E). PE, Pericarp; C, cotyledon; P, priesperm; H, hypocotyl-radical axis .
Discussion
Sustainable growth of quinoa on saline soil presupposes initially the exact knowledge of the limits of salinity resistance . The limit of salinity tolerance is defined physiologically as the NaCl salinity at which the yield of a crop under saline conditions relative to its yield under non-saline conditions reaches less than 50% (Kinzel, 1982) . Therefore, the limit of salt resistance can be easily detected at the growth development of halophytes at different salinities. In the present work, the effect of six salinity levels (0, 100, 200, 300, 400 and 500 mM NaCl) on growth and yield of C. quinoa cv. Hualhuas was studied in sandy culture pot experiment. The results obtained clearly indicated that the growth of quinoa was considerably decreased with increasing NaCl salinity level. The initial significant reduction (threshold salinity tolerance) for both of biomass and seed production was observed at 100 mM NaCl (~10 dSm -1). Meanwhile, the limit of salinity resistance (C 50 value) for biomass growth was estimated at 300 mM NaCl (~30 dSm -1 ) and for seed yield at around 220 mM NaCl (~22 dSm -1 ) as shown in Figure 2 . Similar result was found by Hariadi et al. (2011) who mentioned that, the optimal plant growth of quinoa has been at NaCl concentration of 100-200 mM (10-20 dSm -1 ). The results obtained from indicated the initial significant reduction in growth development for Peruvian cultivar Hualhuas grown under hydroponic technique at 200 mM NaCl and the limit of salt resistance at 300 mM NaCl. On the other hand, loss 50% of seed yield, in the pot experiments of the present study, was observed at around ~20 dSm -1 compared to control. Meanwhile, the reduction of the seed yield in the field trials was reached to 61.7% at similar level of salinity in soil (~20 dSm -1 ) less than that of non-saline soil. This severely reduction (12%) under saline field conditions compared with pot experiments was probably associated with physical and chemical constraints of the soil under saline field conditions. In this respect, Karyotis et al. (2003) indicated that the considerable seed yield loss under saline soil condition (6.5 dSm -1 ) was due to poor and uneven plant density caused by adverse soil properties such as high soil pH (pH 8.5) and poor aeration and water permeability. However, yield loss due to salinity stress is closely related to four major constraints: (1) water deficit, (2) ion toxicity, (3) nutrient imbalance, (4) restriction of CO 2 uptake (Marschner, 1995; Stavridou et al., 2016; Munns and Tester, 2008) . Concerning the effect of salinity on quinoa plants, Eisa et al., (2012) , reported that neither osmotic stress nor ion deficiency or toxicity appears to be determinant for C. quinoa under saline condition. Salt induced growth reduction of quinoa plants is presumably due to low photosynthesis supply as a consequence of impaired photosynthetic capacity. Reduced photosynthesis and lower activity of starch synthesis towards grain filling, coupled with reduced pollen viability leading to a reduction of seed set and lower grown yield of rice plants under saline conditions (Khatum and Flowers, 1995; Sultana et al., 1999; Khan and Abdullah 2003) .
Beside quantity, the chemical compositions of quinoa seeds were also changed under saline soil cultivation. Starch reserves are mainly found in the perisperm, while proteins, lipids, and minerals reserves are located mostly in the embryo and endosperm. Phytin globoid crystals are found inside protein bodies in cells of endosperm and embryo tissues (Prego et al., 1998) . In the present study, soil salinity did not significantly influence on protein content of Peruvian cultivar Hualhuas. Similar trend obtained by Wu et al. (2016) who reported that increasing NaCl concentrations up to 32 dSm -1 did not alter protein content in quinoa seeds. In this regard, mentioned that the lower C/N ratio at high saline levels (>300 mM NaCl) was a reasonable explanation of an increase in protein content, accompanied with a reduction in total carbohydrate. This was agree with the results obtained by Burrieza et al. (2011) who reported a higher dehydrin accumulation in the embryos of C. quinoa Hualhuas cultivar under high salinity stress compared to control, and suggested that may allow the species to achieve the establishment of new cultivation (in the initial stages of the next generation) under extreme environment conditions. However, salt induced change in protein content, may be by increasing of protein content in salt resistant species or vice versa in salt sensitive ones (Abdullah et al., 2001; AlAghabary et al., 2004; Kalifa et al., 2004; Mishra and Das, 2004) .
The content of carbohydrates was significantly lower in seeds of quinoa produced at saline-soil than those grown in non-saline soil (Table 3) . One of possible explanation of this reduction could be that most defense mechanisms are energy consuming and changes the balance among anabolism, catabolism and storage. In this respect, Abdullah et al. (2001) observed that starch synthetase activity in developing grains was significantly inhibited under salinity stress. Similar to carbohydrates content, total lipids in seeds was significantly decreased at saline-soil. In this concern little is known about salt-induced changes of oil content and fatty acid composition in the seeds of quinoa. Brazkez et al. (2016) reported that the lipid content in quinoa seeds increased from 6.57% in control to 7.98% in 125 mM NaCl treatment; however, there was no significant difference between treatments. Similar trend was reported by Pulvento et al. (2012) who found that salinity conditions had no effect on lipid content of "Titicaca" grains, which they estimated to range between 5.7 and 5.8%. In contrast to quinoa, sunflower plants illustrated a seed oil yield reduction of 5% per unit increase in EC above 4.8 dSm -1 (Francois, 1996) . However, Yeilaghi et al. (2012) mentioned that the reduction of oil content in safflower seeds was greatly varied among genotypes due to salt-stress, whereas the salt tolerant of safflower genotypes were less affected by salinity than saltsensitive ones.
The distribution of minerals in seeds of quinoa grown under saline-soil seems to be highly regulated. In spite of increasing Na concentration by around four folds in grains at saline-soil but, concentrations of K, P and Fe were significantly higher in seeds at saline-soil than those of nonsaline soil. A Higher accumulation of some essential needed elements (P, K and Fe) or even stable contents of Mn under high salinity conditions may be one of salinity tolerance mechanisms and also, it gives quinoa seeds, produced from saline agriculture, a higher economic value for human consumption. A clear evidence of high selectivity mechanism in quinoa seeds, under salt stress, has been identified by Energy Dispersive X-ray microanalysis (Fig. 3) . Quinoa cultivar Hualhuas has the ability to accumulate the excessive Na in pericarp and seed coat layers followed by lower amount in embryo tissues, while the interior storage tissue (perisperm) showed comparatively low Na content. This exclusion of Na in the quinoa seed interior has been reported by , who given an overall picture of higher selectivity mechanism. Moreover, our results indicated that increases on content of Na in embryo tissues were accompanied by obvious increases on contents of K, P and Mg as a response to soil salinity. This is may be a clear evidence of distinctive abilities of quinoa to regulate distribution of osmoregulation inorganic ions primarily K and Na in in pericarp and embryo tissues, thus allows seeds to germinate under high saline conditions. In this respect, Prado et al. (2000) reported that the germination of quinoa seeds taken from salt treated plants was accelerated significantly in comparison with control. It is possible that high Na and K concentrations in pericarp can have direct effects on accelerated germination of quinoa grains by decreasing the water potential in the wall of the plant ovary.
Materials and Methods

Pot experiment
As has been reported before (Koyro et al., 2006; Hussin et al., 2013) , a prerequisite for the sustainable utilization of a new non-conventional crop using alternative (saline) water sources on marginal lands is detailed knowledge about the level of salt resistance on one hand and the individual mechanisms conferring salt resistance on the other hand. Hence, the first part of this study aimed to evaluate the growth, development and performance of C. quinoa Willd. cv. Hualhuas to varying water salinity levels under artificial conditions in the greenhouse using sandy culture quick check system (QCS), modified after Koyro (2003) . To achieve that, pot experiments were conducted in the greenhouse of Agricultural Botany Dept., Faculty of Agriculture, Ain Shams University (latitude 30° 06' 48" and longitude 31° 14' 52") during the growing seasons 2011 and 2012. Seeds of C. quinoa Willd. cv. Hualhuas [origin: International Potato Center (CIP), Lima, Peru] were surface sterilized before sowing with ethanol 70% for 10 sec, then with sodium hydrochloride solution (5% active chloride) for 10 minutes. The seeds were then washed thoroughly with distilled water several times and air-dried. They were then sown into black plastic pots (20 cm diameters with bottom drainage holes), each filled with 8 kg of washed sand (10 seeds per pot). Filter paper (9 cm diameter) was placed in the bottom of each pot to avoid leak of sand from drainage holes. The pots (N= 72 pots) were kept on a bench in the greenhouse under conditions of photoperiodic (10.4 h light/13.6 h dark), ambient temperature of 28 ± 2ºC daytime and 16 ± 2ºC night time, relative humidity of 50 -70%, and light intensity was in the range of 1500 -2000 µmol m -2 s -1 at the plant level. One week after germination, the pots were irrigated manually and regularly with Hogland nutrient solution (Arnon and Hogland, 1940) when the soil moisture reached 60 -70 % of the water holding capacity. After the emergence of the first two true leaves, the plants were thinned to two seedlings of uniform size per pot. Salinity treatments were started four weeks after sowing date. The pots were divided into six groups, each with six replicates, and NaCl concentration was raised gradually in the nutrient solution in steps of 100 mM NaCl daily until the final concentration was reached to avoid salt shock injuries. There were altogether six salinity treatments i.e. control, 100, 200, 300, 400 and 500 mM NaCl; equivalent to 0, 20, 40, 60, 80 and 100% of seawater salinity (sws). The biomass productions were harvested at six weeks after the initiation of salinity treatments. Plant samples were destructively harvested and separated into roots (R), stems (S), adult leaves (AL), juvenile leaves (JL) and inflorescences (In). Meanwhile, seeds were harvested after 9 weeks from salinity treatments. The fresh weights of all plant organs were directly captured. The level of salt resistance in C. quinoa plants was adequately measured on the basis of two parameters according to Shannon and Grieve (1999) ; (i) salinity resistance threshold (salinity level that causes the initial significant reduction in the maximum expected growth or yield) and (ii) the C 50 value (salinity level leads to reduce the maximum mass production or yield by 50%).
Field experiments
Although eco-physiological studies under environmentalcontrolled conditions have the potential to provide highly valuable means of detecting the level of salt resistance and the individual mechanisms of species against NaCl stress, it is only the first step for developing a non-conventional cash crop. Designing of a sustainable production system in plantations for a forward-looking risk assessment of saline irrigation at local substrates and climatic conditions is crucial, since several responses underlying salt resistance may be overlooked when operating outside the field context. Therefore, field trail experiments were conducted to evaluate the growth and performance of quinoa in two different local locations. The first location (L1) was characterized by high saline soil (ECe 17.9 dSm -1 Typic Aquisalids) and located in northwestern part of Sinai (latitude 32° 28' 44" and longitude 31° 56' 35") . The other location (L2) was characterized by non-saline soil (ECe 1.9 dSm -1 Typic Torrifluvents) and located in north Cairo at the experimental station of the Faculty of Agriculture, Ain Shams University (latitude 30° 06' 48" and longitude 31° 14' 52").
Soil and water analyses of the selected locations
Soil samples from both locations were collected before sowing to a depth of 0-30 cm, where the bulk of root system is usually irrigated. In addition, the irrigation water samples were also collected. The collected soil samples were air dried, ground and sieved through 2 mm stainless steel sieve and stored in plastic vials for different analyses. Soil pH value was determined in the soil paste by using a glass electrode pH meter. Electrical conductivity (ECe) was determined for saturated extract by using standard conductivity bridge at 25 o C. Soluble K, Mg and Na, were extracted by 1 N ammonium acetate buffer solution adjusted at pH 7.0. K and Na concentrations were measured by flame emission (JENWAY, PFP-7, ELE Instrument Co. Ltd., UK) and Mg by Atomic-absorption spectroscopy (Analyst 200, Perkin Elmer, Inc., MA, USA). Soil physical and chemical prosperities (Table 1) , and water chemical proprieties (Table 2) , were assessed according to the standard methods published by Page et al. (1982) .
Location preparation
Soil in both locations was prepared for cultivation by land plough and ridges construction. Compost with a rate of 10 t ha -1 and phosphorus at rate of 120 kg P 2 O 5 ha -1 were added during the final preparation of land and thoroughly mixed with the soil. Nitrogen was added as side dressing at rate of 214 kg N ha -1 in two equal doses at 30 and 60 days after sowing. Potassium was added at rate of 110 kg K 2 O ha -1 at flowering stage. Seeds were sown on the second week of December, and they were harvested on the second week of April in both locations (L1 and L2) in both seasons of 2013 and 2014, respectively. About 10 -15 seeds per hill were sown at a density of 100.000 plants per hectare. A complete randomized design with four experimental plots (replicates), each with an average area of 24.5 m 2 was used. Three weeks after sowing date, plants were thinned to one plant per hill and crop practice managements were regularly carried out.
Yield, chemical composition and mineral contents
At harvesting stage, plant samples from one square meter of the central rows in each plot were randomly taken by cutting at ground level. The plant samples were then lift to air-dried for at least 4 days. The dried plant samples were threshed and winnowed by hand. Afterward, grain yield (kg ha -1 ) and weight of 1000 grains (g) were determined. Grain samples were dried at 65°C till constant weight then ground in stainless-steel mill for further analysis. The dry weight, moisture content as well as ash contents were recorded. According to the methods described in AOAC (1995), the crude fiber was measured using Ankom Fibre Analyzer A-200 (ANKOM Technology, Macedon NY, USA). Crude fat was determined using VELP solvent extractors unit SER 148/3 (VELP Scientific, Inc., Bohemia NY, USA) using acetone as a solvent, while the total carbohydrates content was calculated by the difference. Dried grain samples were wet digested as described by Wolf (1982) . The contents of N, P, K, Ca, Fe, Mn, Zn, Na and Cu were measured. Total nitrogen were determined using microkjeldahl method and its concentration is used to calculate the crude protein contents in quinoa grains (protein % = total N x 6.25). Phosphorus was determined by modified colorimetric method using spectrophotometer (SPECTRONIC 20D, Milton Roy Co. Ltd., USA). Potassium and sodium were measured using flame photometer method (JENWAY, PFP-7, ELE Instrument Co. Ltd., UK). In addition, Ca, Fe, Zn, Mn and Cu were determined using Atomic absorption spectroscopy (Analyst 200, Perkin Elmer, Inc., MA, USA), as described by Chapman and Pratt (1982) .
Scanning Electron Microscopy/Energy Dispersive X-ray microanalysis
Scanning Electron Microscope (SEM) and Energy dispersive X-ray microanalysis (EDX) were carried out for seeds produced from field experiments (Prego et al., 1998; Goldstein et al., 2003) . Whole and transversely cut seeds were mounted onto aluminum stubs then examined under Field Emission Scanning Electron Microscope (FE-SEM), model Quanta FEG-250 (Philips N.V., USA). Furthermore, the distribution pattern of potassium, phosphorus, magnesium and sodium within the different seed tissues was assessed semi-quantitatively by line scanning technique using FE-SEM linked with EDX-detector (Oxford Azteck, operating with EDS Analysis Software ver. 2.1) at an accelerating voltage of 20 kV.
Statistical analysis
All data sets were tabulated and subjected to statistical analysis using one-way-ANOVA of the SPSS software (SPSS Inc., 2002, release 16, Chicago, IL, USA) . Duncan test was employed to compare the significant differences among mean of the treatments at 0.05 level of probability.
Conclusion
Under greenhouse conditions, the grain yield depression falls down to 50% of the control plant at salinity level of 200 mM NaCl (the limits of salinity resistance). Meanwhile, the reduction of grain yield recorded 61.7% at saline field conditions (ECe 17.9 dSm -1 ) compared with non-saline field conditions (ECe 1.9 dSm -1 ). While the total carbohydrate and total fat contents of the seeds significantly decreased in response to salinity, the protein content was not affected. Moreover, ash and fiber contents significantly increased by about 110.8 and 15.7%, respectively, in seeds obtained from saline soil compared with those from non-saline soil. Under saline soil, seed Na + content was significantly increased four folds compared to those of non-saline soil. Interestingly, most of absorbed Na + in the seeds was mainly uploaded into the pericarp, thus maintaining the interior reserving tissues with a comparatively low Na + content. Our results revealed clearly that saline soil (ECe 17.9 dSm -1 ), which would be inhibitory for most if not all conventional crops, did not significantly affect the mineral contents, rather it led to increase the content of most essential elements, besides keeping of the other chemical compositions in an acceptable values of quinoa seeds. This further confirming the potential of quinoa as a promising cash crop halophyte for marginal areas in Egypt.
